In this experiment, thermoset cardanol resin was reinforced with short kenaf bast fibers to produce 100% green composites. Different fiber loadings based on weight ratios (0%, 30%, 40%, 50%, and 60%) were fabricated by the hand layup method followed by compression molding. e results indicated that 50UTK (untreated kenaf fibers) displays the highest mechanical properties (91.9% and 43.4% increment for tensile strength and impact strength, respectively) compared with the brittle cardanol polymer and other combinations of composite. is indicates a great load transfer mechanism by kenaf fiber reinforcement due to good fiber/matrix interface shown in scanning electron microscope (SEM) analyses. On the contrary, short kenaf fiber insertion creates a stress concentration spot at the fiber's end causing slightly lower flexural properties. Besides, high processing temperature has caused damage to the fibers and made further reduction of flexural strength. erefore, a better load transfer mechanism has been compensated by negative influences of kenaf fiber insertion. In conclusion, 50 wt% of kenaf fiber insertion is found to be the optimum loading for cardanol matrix.
Introduction
Natural fibers are potential replacement of synthetic fibers due to their biodegradability, renewability, and cheaper price. However, in terms of mechanical properties, synthetic fibers demonstrated higher mechanical properties, causing limited application for natural fiber-reinforced composites [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Kenaf is one of the natural fibers that shows reasonably good mechanical properties with different types of resin [14] . e hydrophilic nature of kenaf fiber is the main factor that causes deterioration of mechanical properties. Higher water absorption of composites was found when kenaf fibers were used in the work of Lee et al. e drying of swelled kenaf fibers left the composite in macrovoids and failed to transfer the load applied effectively [15] .
Besides, other factors that affect the mechanical properties are fiber weight fraction and fiber's length. e increment in tensile strength with increasing fiber weight fraction was previously demonstrated for kenaf/polylactic acid (PLA)/ thymol composites [16] . However, flexural strength deteriorated, while the impact test showed reasonably reliable results, implying that kenaf fiber is a potential replacement of synthetic fibers in the composite industry [17] . On the contrary, Sharifah and Martin found long kenaf fibers reinforced in cashew nut shell liquid resin gave superior flexural strength and provided fiber orientation parallel to the direction of load applied [18] . Besides, long fiber provides better impact strength values. Moreover, the tensile strength increment with increasing kenaf fiber content depends on the type of the resin. Kenaf/polyvinyl chloride/thermoplastic polyurethane composites showed that increasing the fiber contents have led to poor tensile strength and strain. e SEM study of the tensile rupture surface indicates that the bonding between kenaf fiber and the resin is very poor [19] . e cashew nut produced from cashew trees is widely found in Brazil. Cardanol is a novolac phenolic resin derived with a linear unsaturated hydrocarbon side chain from cashew nut shell liquid (CNSL). Cardanol resins are well known in the synthesis of thermosetting matrices for composites, due to low cost. e cardanol matrices were found compatible with polyester, epoxy, or vinylester resins [20] .
ere is no previous research on short kenaf fiber reinforced in cardanol matrix. is composite can be used in many industries, such as aviation, car, and building construction industry. In this paper, the mechanical properties of the composites of short kenaf bast fiber reinforced in cardanol are studied on effect of fibers' insertion. Besides, the SEM has been used to investigate fiber/matrix interfacial conditions.
Materials and Methodology
2.1. Materials. Kenaf fibers were provided from the laboratory of biocomposites, Institute of Tropical Forestry and Forest Products (INTROP), University Putra Malaysia (UPM), in a bundle form which was required to be cleaned and combed properly before use as shown in Figure 1 .
Cardanol resin was purchased from Chemovate Company in India, which is a byproduct of the cashew nut industry and a waste material extracted from cashew nut shell liquid (CNSL). It is a novolac phenolic resin that requires a cross-link agent to cure. e cross-link agent is usually hexamethylenetetramine which is known as hexa, hexamine, or HTMA as well. e cardanol was mixed with 11% weight ratio of hexa in Chemovate Co.
Methodology of Fabrication.
e fabrication process includes mixing the untreated kenaf (UTK) fibers with cardanol based on the weight ratio with a mechanical mixer.
en it was put in the mold and in the hot press at 160°C and 1 bar for 20 min and after that in the oven with the temperature of 160°C for 1 hr. e specimen was ready for testing after cooling down. Figure 2 shows the fabrication process. Table 1 shows the specimen abbreviation with regard to their fiber/resin ratio in which CL represents cardanol and UTK is an abbreviation for untreated kenaf fiber.
Mechanical Testing

Tensile Test.
To conduct the tensile test, the ASTM D 3039 [21] standard was followed. According to the standard, the specimens were cut to the size of 150 × 20 × 3 mm 3 . e test was performed by using a 30 kN Bluehill INSTRON Universal Testing machine with 2 mm/min cross head speed. Seven replications for each type of specimen were taken, and the tensile strength of the specimens was determined to study the effect of fiber weight fraction.
Mean values are determined, and standard deviation of the results is shown as the error bar in all the graphs.
Flexural Test.
Flexural strength of the specimens were determined by the flexural test which was conducted by following the ASTM D790 [22] standard. According to the standard, the specimens were cut to the size of 120 × 12 × 3 mm 3 .
e 30 kN Bluehill INSTRON Universal Testing machine with 2 mm/min cross head speed was used for the flexural testing of all specimens with seven replications.
Impact Test.
Impact strength determines the toughness of the specimen, that is, the ability of absorbent impact energy before breaking. e ASTM D256 [23] standard was followed for the impact test. e size of the specimens was required to be 60 × 12 × 3 mm 3 . An INSTRON CEAST9050 impact testing machine with a 0.5 J of hammer was used to perform the impact test. e angle of the hammer was set at 150°. Seven replications for each type of specimen were conducted to measure the average load at the first deformation under impact loadings.
Morphology Study.
Morphology of the specimen was studied by using SEM for the tensile fracture surface. e specimens were gold-coated before being put into the HITACHI S-3400 instrument for SEM analysis. e test was performed with an emission current of 60 µA and 5.0 kV of voltage.
Results and Discussion
Morphology Study of the Composites.
e morphology of the specimens was studied by using SEM of the tensilefractured surface of the specimen, and its images are presented in Figure 3 . Fiber pulled-out, microcracks, and broken fibers are the factors that caused poor interfacial bonding between fibers and matrix resulting in low mechanical properties.
e SEM analysis of 100CL (Figure 3(a) ) demonstrated the cured cardanol in a layer form that is a sign of its brittleness property. For the 30UTK sample in Figure 3(b) , good fiber matrix interface was found, and this has predicted good strength properties. However, low volume of fiber contents was proved by clear, smooth zone of cured cardanol polymer. Besides, 40UTK and 50UTK samples, fiber pulled-out, and broken fiber were the cause of fracture (Figure 3(c) and 3(d) ). Yet, the 50UTK sample has better fiber/resin interface which leads to the good load transfer mechanism [24] . On the opposite, for the 60UTK sample (Figure 3(e) ), the excess amount of fiber compared with the amount of cardanol leads to poor interfacial bonding, due to lack of resin. Figure 4 and Table 2 show tensile strength of kenaf fibers reinforced cardanol composites and tensile strength detail values, respectively. It is found that increasing fiber loading has enhanced the tensile strength of composites up to 50 wt% fibers reinforcement. e tensile strength of 50UTK has observed an increment of tensile strength compared with pure cardanol (26.99 MPa). Ozturk determined that the tensile strength increased with the increment of fiber weight fraction up to 42 wt%, indicating the effectiveness of incorporation of kenaf with the resin [25] . Besides, Ramesh concluded the linear relationship between tensile strength and fiber weight fraction in which the tensile strength of the composites increased up to 50 wt% [26] . Higher fiber loadings laterally increased maximum loading barrier of composites. However, for 60UTK, lack of the resin has caused weak interfacial bonding due to low fiber wetting, making the fiber's load transfer mechanism fail before it received the highest load [27] .
Tensile Strength of the Biocomposites.
It is understood that pure cardanol has the lowest tensile strength (26.95 MPa) due to the brittleness property of the thermoset resins cardanol [28] . Better kenaf/cardanol bonding leads to easier load transfer from the matrix to the fiber, and therefore, the fracture under tensile strength gets delayed.
erefore, kenaf fiber improves the tensile strength of the cardanol as well.
Flexural Strength of the Biocomposites.
Flexural strength results of the kenaf/cardanol composites and detail values for flexural strength are shown in Figure 5 and Table 3 , respectively. Insertion of 30 wt% kenaf fiber had reduced the flexural strength due to short kenaf fibers creating a stress concentration spot at fiber's end, leading to the strength reduction [29] . Besides, high processing temperature shall cause damage to the fibers, further reducing flexural strength [17] . However, the flexural strength (10.44%) had increased with increment of fiber loading from 81.89 MPa for 30UTK to 90.44 MPa for 60UTK as reported similar previously by Saba et al. and Joseph et al. [30, 31] . e better load transfer mechanism found at higher kenaf fiber contents has compensated the negative influences of kenaf fibers insertion.
e three-point bending flexural test will cause shear and bending failure. e failure of the specimen occurred when the bending of the specimen was equal to the corresponding critical value [31] . Flexural strength shows how much load the composite can bear before bending. However, the general result agreed with the tensile strength, as both indicated that the increment of fiber weight fraction could increase the strength for both tensile and flexural strength, which was higher for the treated fiber for flexural strength. e study showed that exural strength of kenaf composites increased with the increment of ber content up to 60% [26] .
Impact Resilience of the Biocomposites.
Impact strength of the kenaf/cardanol specimens and detail values for impact strength are shown in Figure 6 and Table 4 , respectively. Due to low toughness of the cardanol polymer, kenaf ber enhanced the impact strength in the composite. e cardanol polymer shows lowest impact resilience with the value of 4.77 kJ/m 2 . Increment of the ber weight fraction enhanced the impact resilience up to 7.8 kJ/m 2 for 60UTK. e enhancement of the impact resilience is due to the presence of crystalline cellulose in high crystalline kenaf bers [32] . Reinforcement ber absorbed the energy for debonding and pull-out, which helped to enhance the impact strength of composite. erefore, a good interfacial bond between the ber and the matrix is important, and it was evidenced in SEM analyses (Figures 3(c) and 3(d) ) [15] . is result implies that kenaf ber works as a successful reinforcement for cardanol composite.
Conclusions
Biocomposites of short kenaf bast ber reinforced in cardanol with di erent ber loadings were tested to investigate optimum weight fraction of kenaf ber. e results found that 50UTK has increased tensile strength and impact strength of 91.9% and 43.4%, respectively. is indicates the better load transfer mechanism was done by kenaf bers due to good ber/matrix interfacial shown in SEM analyses ( Figure 3 ). However, exural properties of 50UTK were found to be slightly lower (1.49%) than those of cardanol polymer. Short kenaf bers are responsible for exural strength decrement by creating stress concentration spots at the ber's end. Besides, high processing temperature has caused damage of the bers, further reducing exural strength. However, a better load transfer mechanism found at higher kenaf ber content has compensated the negative in uences of kenaf ber insertion. In conclusion, 50 wt% of kenaf bers reinforcement is the most optimum loading for the cardinal matrix.
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